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ROOFER: A MANAGEMENT TOOL
FOR MAINTAINING BUILI-UP ROOFS

DAVID M. BAILEY

U'S. Armv Construction
Engineering Research
Laboratoryv*

Champaign. 111

Urbana. ML

Tw US armed services have a very kuge inventary of build-
ings with bituminous huilt-up roof membranes. Millions of
doliars are being spent annuallv to repair or replace these
voofs Tu the past this has been done using inconsistent
management schemes. There was a need for a svstematic
procedure to evaluate these roofs, to determine priorities
and to select 1epair strategies that would insure the maxi-
mum rern on investment.

Tarespond to this need. the US. Armv Construction En-
gineering Research Laboratory (USA-CERL). with the as
sistance of the US Armn Cold Regions Research and
Engineering Laboratory (CRREL) and the US. Armyv En-
gineering and Housing Support Center (USAEHSC), is de-
veloping ROOFER. a roofing maintenance management
svstem for built-up roofs. This work has been a team effort
imvohing roofing experts from industry as well as from other
branches of the military in an “on the 100f” dynamic process
imolving more than 50 buildings at seven locations! ROOF-
ER provides building managers with a practical decision
making procedure that will identifv problem roofs and select
maintenance and repair strategies for roofs with bituminous
membranes

ROOLER comprises procedures for dividing the building
1oof into manageable sections. collecting and managing in-
ventory information, inspection and condition evaluation.
network management and project management. It utilizes
mam of the highlv successful concepts developed by USA.
CERIL {or the PAVER pavement maintenance management
svstem*”

NETWORK vs. PROJECT

Network management is defined as the process of making
decisions regarding the management of a group of roof sec-
tions, such as all roof sections on a military installation or
all roof sections onaspecific building tpe such as barracks.
Project management is the process of making decisions
regnding the maintenance and repair of individual roof sec-
tions When there are just o few roofs 1o manage. thev can
he kept track of on o project basis. When there are hundreds
o1 thousands of roofs to manage, imtial decisions should not
he made on o project by project basis but on a network b
s19 ROOFER pronides the toal for netwark decisions as well
as the information needed 1o initate projects. Network-devel
management mdudes maaing all of the tools on an in
stdlaton. i a geographic area or even servicewide., Manage
ment deasions ae made i a general win and do not require

*The views of the authm do ot prierpnt tooveflect the position
of the Department of the Army or the Department of Defense.

DONALD E. BROTHERSON

University of Ilinois

WAYNE TOBIASSON

US. Army Cold Regions
Research and Engineering
Laboratory

Hanover, N.H.

the same amount of information that a projectlevel deci-
sion requires. What is needed is a wav of comparing the con-
dition of all of the roofs in the network using a consistent
evaluation technique. Network-leve! information is used to
develop a rational means of repairing or replacing problem
roofs within the network 1o meet specific performance lev
els. Short- and long-term plans can be developed that will
respond to actual or anticipated needs rather than employ-
ing crisis management or spending monev on roofs in less
need than others.

DIVIDING A ROOF INTO SECTIONS

Building roofs are divided into identifiable sections in order
to increase management efficiencv. Managing roofs at the
section level provides a better means of evaluating condi-
tion and determining maintenance and repait needs. For
example: A roof section that is in poor condition will not
detract from the condition of a roof section in good condi-
tion on the same building. and conditions indicating replace-
ment of one section would not necessarily indicate replace-
ment of the entire building roof.

Roof sections are generally delineated by firewalls, expan-
sion joints or area dividers. Areas having different roofing
systems, different amounts of roof traffic andlor rooftap
equipment or significantly different occupancies below the
roof are designated into separate sections.

INVENTORY AND DATA MANAGEMENT

The roof inventory is the toundation of ROOFER. 1t pro-
vides the information needed by engineering personnel o
select repair techniques and to determine the suitabilitv of
replacement svstems. A well maintained inventory will pro-
vide a history of each roof section and a record of roof per-
formance that can be used 10 determine which built up roof
systems are the most suitable for use on a particular build.
g type or occupancy.

For each building, general information concerning build-
ing name, number, location and occupances are collected. A
building roof plan i« developed that shows overall dimen-
sions and identifies each roof section. This information.
along with contract drawings, specifications, submittals and
as-built drawings. is also collected and stored in a building
folder.

For each 1oof section. data are collected on the 1vpe of
structural frame, deck vapor retardern insutation, imembrane
and fashing. Worksheets with checklists me used 10 ensure
unitormite inveporting. A 1oof section plan is drawn 1o scale
on the roof inspection worksheet. showing all physical tea-
tures. including perimeter conditions. rooftop equipment




and projections, drans, scupperss walkwans, et I'his intod
matton s then stoted in o secnon folder

Collecting the inventorv data can be 2 frustrating ex
perience. The inventory inlormation s obtained fiom a sar-
ety ot sonrces such as as-huilt drawings, specifications and
an inspection of the root irself. The core cuts that are made
to determine rthe moisture content of the insulation should
also be used to vertfv the components ot the roofing system,
However tedious, the etfort is needed and imporrant since
it establishes the foundaton of the ROOFER svstem.

INSPECTION AND CONDITION EVALUATION
Condition Rating
Ihe condition rating is the kev component ot any main.
tenance mumagement ssstem. he ROOFER svstem uses
three separate conditton indexes:
8 M l—the membrane condivnon index
s FCl—the flashing cnondinon index
® [(]—the insulation condition index

Fach of these indexes provides a measure of that compo-
nents abity o perform s function. the needed level of
repan e the potentad tor feaks. Numerical indexes range
froom 1o 100 with 100 yvepiesenting excellent conditon,
lreing cach component sepatatelv provides a mare acctmate
assessient of component condition and needed mamntenance
and repaie The MCT and FCU are derermined by visuai ine
spection, and the 1C] is determined by evaluanon techniques
such as mfrared. elecivical capacitance or nuclear.

Visual Inspection

The MCI and FCI indexes for a roof section are based on

the quantits severity and tvpe of distresses present on the

root sectnion
The visieal inspection technique, a distress mannal and
computation proceduies are described in detail in USA-

CERLL Technical Report M-87/13 “Membrane and Flashing

Condition Indexes for Built-Up Roofs, Volume I Inspection

and Distress Manual™
Five steps are followed in the procedure:

I. Determine type, severity and quantity of distress. The
peseverity and particular defect for each distress is de-
tined in the “Inspection and Distress Manual” Six flash-
ing distresses and 10 membrane distresses are identified
i table 1), and low, medium and high severitv levels of dis-
fress are described. For a typical distress such as blisters.
lose. medium and high levels are described (Figure 1), and
eight color photographs are used to illustrate the descrip-
tons The method of measuring the distress density is
Atso defined. Golor photographs are used throughout the
manual to illustrate the other 15 distresses.

2. Determine deduct values for each distress. Deduct
values for each distress and severity level are determined
from a series of charts simitar to Figure 2,

3. Determine corrected total deduct value. The deduct

values are enteted on the 1oof section rating form, and

deorrected deduct value is determined using a correc
tfon chart that 1akes into account the effect of multiple
distresses tFizine )

Determine component condition index. The condition

Mee UK i
: e s calculated by subtracting the corrected deduct
vialue (rom 104),

5. Determine component condition rating. The condition

rating is determined from lable 2,

NON-DESTRUCTIVE MOISTURE EVALUATION

A complete evaluation of an insulated rooling svstem requires
that the insulation be inspected to determine if excessive
moisture is present. Moisture reduces the thermal value of
the sulation and mav also reduce the bond hetween it and
the membrane or deck. Water in insulation adds to the weight
the structural svstem must support and mav cause corrosion
of fasteners and deterioration of the m()ﬁng svstem.

By using non-destructive moisture evaluation technigues
such as infrared (IR), nuclear or capacitance, areas ol proba
ble wet insulatior can be determined? Core samples must be
taken to verify the probable wet areas and to determine the
moisture content of the insulation. Knowing the tvpe and
amount of wet insulation and its moisture content. the imsu
lation condition index (1CI) for a section can be calculated.

ROOF CONDITION INDEX

I'he membrane, flashing and insalation condition indexes
are combined to determine the roof condition index ‘RCI.
I'his provides a useful inethod of evaluating the overal! con-
dinon of a roof section and a method of comparing condi
tions between roof sections. The RCI allows the user to rank
individual roof sections according to their ability to pertorm

The three component indexes (MCIL FCI and ICD have
a direct relationship to detcrmining the needs for main
tenance and repair (M&R) of a roof section. Similarly, the
RCI provides an overall indication of M&R needs.

Like the component indexes, the RCI is based on the same
scale of 0 to 100, with 100 indicating that only routine main-
tenance is needed. It is calculated by giving the greatest
weight to the component with the lowest condition index
and alesser weight to the remaining indexes. For a roof sec
tion with insulation, the lowest of the three indexes has 70
percent of the weighting and the ther two indexes each have
15 percent of the weighting. Table 3 lists the qualitative con-
dition ratings associated with the RCI.

NETWORK MANAGEMENT
Network management uses the collected information to de-
velop long-range budget projections and work requirements
for the network.

The ROOFER program can generate a series of reports
for making network management decisions. These reports
include:

Section Inventory List

The section inventtory list report (Figure 4) provides a list
of the surveved rool sections. For each section, the tvpe of
membrane insuiation, and deck as well as roof slope and
area are provided.

Inspection Scheduling

The inspection schedule report is used 1o prepare a plan
tor scheduling future ROOFER inspections for 1oof sections
based on the RCL The report produces a plot and list of
the rool sections 1o be inspected during the next thiee vears
for all of the root sections of a particular building use, mem-
brane tvpe or section area.




Condition Frequency
The condition frequency report informs management of the
current condition of the roof network and helps plan for
future maintenance and repair. The 1oof sections included
in the report can be selected by building use, membrane,
insulation and/or deck type, roof slope, section area or age.
The report lists, by section and area, the number and per-
centages for the different RCI ranges and provides a graphi-
cal plot of the frequenay of occurrences. Figure 5 is a tvpical
report for a group of buildings at a military installation.
Using the different selection options, the effects of con-
ditions such as deck type. insulation type or slope on over-
all condition can be examined.

Roof Condition Index

The roof condition index report (Figu e 6) lists roof sections
and component indexes in order of increasing RCI. The
report can be sorted based on building nse. membrane, in-
sulation, deck tvpe, 100f slope, section area or age to pro-
vide management with the background infoimation needed
to select and prioritize roof sections for maintenance and
repair. The RCI, building use and age, as well as available
budget, provide the criteria for project selection.

Project Management

Project management uses the three compoenent condition
indexes and distress data that were determined for a section
1o provide valuable information regarding the condition of
the roof section and required maintenance and repair. This
information when combined with life-cycle predictions can
he used to identify M&R alternatives.

Field Tests

Fieid tests of the ROOFER program were performed at Ft.
Meade last vear, and preliminary findings indicate that the
svstem works well. The forins used for data collection and
the microcomputer program for analyzing the data provid-
ed the planning for longrange repair and replacement of
the builtup roof network at Fu. Meade They did not pre-
sent any problems to the contractor performing the work.

CONCLUSIONS

This paper has described a comprehensive management sys-
tem for builtup roof systems. The procedures presented are
being programmed fo: 1nicrocomputer use as part of the
ROQOFER program. Inventory, inspect on, condition evalua-
ton and network management techn jues have been deve-
loped. and the svstemn has been designed to enable the
mcorporation of other low-slope roofing systems in the fu-
ture ROOFER will be available to private industry through
a nongovernment distribution agency.
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Flashing Membrane
Base Flashing Blisters
Metal Cap Flashing Ridges
Embedded Edge Metal Splits
Flashed Penetrations Holes
Pitch Pans Surface Deterioration
Drains and Scuppers Slippage
Patching

Debris and Vegetation
Equipment Supports
Ponding

Table 1 Built-up roofing distresses




Rating

—
Condition Index
Condition INnC

86 - 100
71 - 85
56 - U
41 - 5
96 - 40
- 25
o- 10

F.xcellent
Very Good
Good

Fan

Poor

Very Poor
Failed

Table 2 Condition ratings

Roof Condition Rating

RC!

R6 - 100
71 - 84
56 - 70
41 - 5H
26 ~ 40
1 - 25

0-10

Routine Maintenance
Minor Repairs Needed
Moderate Repairs Needed
Major Repairs Needed
Replacement Probable
Replacement Necded

Replacement Critical

Table 3 Mamtenance and reparr recommendatians

BLISTERS

Description: Blisters are round or

elongated raised areas of the

membrane that are filled with air.
Note: Blisters and ridges are

uifficult to differentiate at the fow Blister between plies
and medium sc.~rity fevels. The \

rating error will be insignificant be- / \

cause of the similarity in the deduct
curves. At high severity, however, it
is important to distinguish between
the two distresses due to their Graphic Representation
different leak potentials of Biister

Severity Levels:

Low:
1. The raised areas are noticeable by vision or feel. The surfacing 1s
still in place and the felts are not exposed.

Medium:
1. The felts are exposed or show deterioration.

High:
1. The blisters are broken.

Measurement:

1. Measure the length and width of the blister in lineal feet and cal-
culate the area (length times width). If the distance between individu-
al blisters is less than 5 feet, measure the entire atfected area in
square feet.

2. When large quantities of this problem are present (especially on
large roots), the representative sampling technique can be used

Density:
A %100 = Problem Density
B

where A total area of membrane blisters (sq ft)

B = total area of roof section being rated (sq ft)
Note: The problem density is calculated tor each existing severity level.

Figure 1 Distress description and sevenity levels for blisters
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Figure 2 Drduct value curve for blister
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